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ABSTRACT 

It is shown that the 577(2) Higgs model on a lattice is equiva- 
lent to the Georgi-Glashow model in the limit of a small coupling 
constant between the Higgs and gauge fields. It can therefore be 
concluded that the transition between the confinement and symmet- 
ric phases in the 3 + 1 dimensional 577(2) Higgs model at finite 
temperature is accompanied by condensation of Nambu monopoles. 

According to one of the most popular modern hypotheses, the baryon asymmetry 
of the universe may arise in the process of an electroweak phase transition (see, for 
example, the review by Rubakov and Shaposhnikov |TJ). 

Due to the smallness of the Weinberg angle 9w and the insignificance of the fermion 
effects, this transition is largely determined by the properties of the 577(2) Higgs model. 
The present letter examines the behavior of the magnetic fluctuations which can play 
an important role in a temperature phase transition in the SU(2) Higgs model. 

Let us consider the SU(2) lattice Higgs model with scalar field Q x in the fundamental 
representation, the action is: 

S[U, 9] = -f £1Wp - 1 £ £($+t4,^ +A + c.c.) + V(\*\) , (1) 

* p X fx 

Here Up represents the ordered product of the edge elements of the gauge field U Xtfl 
over the boundaries faces of the plaquette P, and V(Q) is the potential on the field $, 
and |$| 2 = $+$. 

Due to the triviality of the homotopy group ^(5^7(2)), there are no topologically 
stable monopole defects in this theory. However, "embedded" monopoles, the so- 
called "Nambu monopoles" ||, which are not topologically stable defects, do exist in 
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the theory. These objects are described by the composite field 

Xl = , (2) 

(a a are the Pauli matrices) which behaves under gauge transformations as a scalar 
field in the adjoint representation. A Nambu monopole is a configuration of fields 
U and $ such that the field U and the composite field x-> expressed in terms of the 
fundamental field $, according to (|J), coincide with the configuration of the 't Hooft- 
Polyakov monopole 0] in the Georgi-Glashow model |J with the field x m the adjoint 
representation and with the gauge field U. Since Nambu monopoles are described solely 
by the gauge field U and the composite field Xi the dynamics of these monopoles is 
determined completely by the effective action S e ff\ 



S ef f[U, X ] 



I D$ e- s ^ J] II 6 (xt - ®> a ®*) ■ (3) 



To calculate the action S e ff it is convenient to study the following parametrization of 
the field $: 



'cos a e %dS 



sin a 



where if, 9 G a G [0, tt/2] and p G [0, +oo). The fields p, a and 9 can be 

expressed in terms of the field x with the aid of Eq.(0)!: 



whence 



n , X 2 1 Vlx 1 ) 2 + (X 2 ) 2 r-, 

9 = arctan — , a = - arctan : — , P — \ \X\ 

X 1 2 |x 3 | v 



* = -?— T-T— (m + miV < 4 > 
'2(W-|x 3 D VW-lrV 



Using the relation for the modulus of the field $, $ = % = \ (Yl (x a ) )? an d the 

V o=l 

measure 



/ P$ • • • = / Vip ■ f II ^dxidxM 

J J j x \Xx\ 

— OO — 7T — OO 

we get for the effective action @: 



&// [u,x\=~T. ™p + Sh[U, x] + v(\x\) , (5) 
z p 
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where the new potential on the field x is determined by the expression 

nixl) = ^(V^)+E ln IXx|, (6) 

X 

and the interaction of the fields U and \ is 



-s h [u, x ] 



71 

/ VLpexp{K^^R x ^cos((p x+jl - ip x + A^)} . (7) 



X fj, 

In this formula we introduced the notation 

^tU x ,^ x+ a = Rx^e lA ^ • (8) 

The derivation of the effective action (|5|) is correct in any dimension of space-time. 

For simplicity, we shall examine the case of an infinitely deep potential V(|$|) with 
the minimum |$| 2 = \\\ = 1. In this case, the lengths of the Higgs field $ and of 
the composite field x are frozen. The integral (0) is most easily calculated in the 
limit k C 1. In leading order we obtain (to within an additive constant): 

Sh = ~ y E E R l» + = ~ E E Tr(t/,,, Xx C/i X-4-A) + °(^ 4 ) > 



A' 



where we employed Eqs.(f|) and (^j) and introduced the notation x — X" ""- Thus in 
the limit k <C 1 the effective action @ with the length |$| 2 = 1 of the Higgs field 
frozen is identical in leading order to the Georgi-Glashow action: 

SeffP, X] = -f E TrUp - 1 £ £ Tr(^ Xx U+p Xx + ») + O(^) , (9) 

where 

7 = -r- (io) 



It is interesting to compare the phase diagrams of the 3 + 1-dimensional SU(2) 
Higgs model (|l[) and the Georgi-Glashow model (|9|,|lOD at nonzero temperature with 
radially frozen Higgs fields. Figure 1 displays schematically the phase diagram obtained 
in Ref. [|7| for the SU (2) Higgs model. Figure 2 shows the phase diagram obtained in 
Ref. || for the Georgi-Glashow model. For small values of the constant (3 both theories 
are in the confinement phase (color confinement). As (3 increases, a phase transition 
from the confinement phase to the symmetric phase occurs in both theories at small 
k. The line of phase transitions A'-B' in the Georgi-Glashow model should correspond 
to the line of phase transitions A-B in the SU(2) Higgs model according to Eq. flT0|): 
lc ((3) = Kl((3)/A + 0(ni). 
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Figure 2 shows schematically the phase transition predicted with the aid of Eq. (|IUD 
(dashed line A'-C). Unfortunately, it is impossible to determine the correctness of this 
prediction quantitatively on the basis of the results of Refs. [7| and ||, since in those 
papers the phase diagrams were studied at different temperatures. 

It is known || that in the Georgi-Glashow model confinement is due to the dy- 
namics of the 't Hooft-Polyakov monopoles: in the confinement phase the monopoles 
are condensed, while in the deconfinement phase there exists a dilute gas of monopole- 
anti-monopole pairs. Therefore, at least for low values of the coupling constant k, the 
phase transition from the symmetric phase to the confinement phase in the SU(2) 
Higgs model ([]]) is accompanied by condensation of Nambu monopoles, since the 
Nambu monopoles in the SU(2) Higgs model ([!]) correspond to the 't Hooft-Polyakov 
monopoles in the Georgi-Glashow model (0). 

It is natural to suppose that condensation of Nambu monopoles also occurs for 
larger values of the parameter k for the phase transitions from the confinement phase 
to the symmetric phase and from the confinement phase to the Higgs phase. The latter 
conjecture finds support in the fact that in the Higgs phase there exists an embedded 
string, the so-called Z- vortex string [[], |9[], with nonzero string tension. Stretched 
between Nambu monopoles, such a string destroys the condensate. The results of 
investigations of this question will be published later in a separate paper. 
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Grant No. 96-02- 17230a and under the Grants INTAS-94-0840 and INTAS-RFBR-95- 
0681. I also thank the Japan Society for the Promotion of Science (JSPS) for financial 
assistance, provided as part of the program for the support of scientists of the former 
Soviet Union. 



Note Added 

The dynamical role of these embedded topological defects has been further studied in 
Refs. [jT~0| , [TT| , [T2|| in a 3D SU(2) model which is an effective dimensionally reduced 
version of the Electroweak theory [O, [T4], [T5||. The Z-vortices exhibit a percolation 



transition which accompanies the first order thermal transition at small Higgs mass |10| 
The percolation transition exists also in the cross-over regime at high Higgs masses [3 1 
Ref. [O] gives a short review of these and other related results. 



JETP Lett, Vol. 66, No. 9, 10 Nov 1997, pp.605-608. 



5 



References 

[1] V. A. Rubakov and M. E. Shaposhnikov Phys. Usp. 39 (1996) 461. 

[2] T. Vachaspati and M. Bariolla, Phys. Rev. Lett. 69 (1992) 1867; 

M. Bariolla, T. Vachaspati and M. Bucher, Phys. Rev. D50 (1994) 2819. 

[3] Y. Nambu, Nucl.Phys. B130 (1977) 505. 

[4] G. 't Hooft, Nucl.Phys. B79 (1974) 276; 
A. M. Polyakov, JETP Lett. 20 (1974) 194. 

[5] H. Georgi and S.L. Glashow, Phys. Rev. Lett. 28 (1972) 1494. 

[6] A.M. Polyakov, Nucl.Phys. B120 (1977) 429. 

[7] H.G. Evertz, J. Jersak and K. Kanaya, Nucl.Phys. B285 (1987) 229. 

[8] F. Karsch, E. Seiler and I.O. Stamatescu, Phys. Lett. 131B (1983) 138. 

[9] N.S. Manton, Phys. Rev. D28 (1983) 2019. 

[10] M. N. Chernodub, F. V. Gubarev, E.-M. Ilgenfritz and A. Schiller, Phys. Lett. 
B434 (1998) 83. 

[11] M. N. Chernodub, F. V. Gubarev, E.-M. Ilgenfritz and A. Schiller, to be published 



in Phys. Lett. B, |hep-lat/9807016 



[12] M. N. Chernodub, F. V. Gubarev, E.-M. Ilgenfritz and A. Schiller, talk given at 
16th International Symposium on Lattice Field Theory (LATTICE 98), Boulder, 
CO, 13-18 July 1998, |hep-lat/9809025| . 

[13] K. Kajantie et al, Nucl. Phys. B458 (1996) 90; 
K. Kajantie et al, Phys. Rev. Lett. 77 (1996) 2887; 
K. Kajantie et al, Nucl. Phys. B493 (1997) 413; 



K. Rummukainen et al, preprint CERN-TH-98-08, |hep-lat/9805013 



[14] E.-M. Ilgenfritz et al, Phys. Lett. B356 (1995) 561; 
M. Gurtler et al, Nucl. Phys. B483 (1997) 383; 

M. Gurtler, E.-M. Ilgenfritz and A. Schiller, Phys. Rev. D56 (1997) 3888. 

[15] See for a recent review: M. Laine and K. Rummukainen, talk given at the XVI 
International Symposium on Lattice Field Theory, Boulder, Colorado, 13-18 July, 
1998; |hep-lat/9809045| . 



JETP Lett, Vol. 66, No. 9, 10 Nov 1997, pp.605-608. 



6 



Figures 





Higgs Phase 






Confinement 


\ Symmetric 


Phase 


\ Phase 






Pc B 



Figure 1: Phase diagram of the 577(2) Higgs model at nonzero temperature, the Higgs 
field radius is fixed. 




Figure 2: The same as in Figure 1 but for the Georgi-Glashow model. 



